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and hearts were obtained from mongrel dogs bled after anaesthesia with a barbiturate; actin powder was prepared by a modification of the Straub method and aetin extracted as previously described. 5 Rabbit cardiac actin was prepared by similar methods from 20 fresh frozen rabbit hearts.
Starch gel electrophoresis was carried out at pH 7.4 in the presence of ATP" and ascorbic acid as described previously. 0 Amino acid analyses were carried out using freshly prepared actin samples which were alkylated with iodoacetate at pH 8.5. 7 Following hydrolysis of the aliylated samples for 22 hours in evacuated sealed tubes in 6N HC1 at 110°C, 7 mnino acid compositions were determined in a Spinco Model MS Amino Acid Analyzer. Tryptophan was determined spectrophotometrically in the imhydrolyzed proteins according to Beaven and Holiday. 5 Peptide patterns of tryptic digest? of dog cardiac and skeletal actin preparations were compared utilizing the methods of Katz et al -9 Samples of each protein preparation were allowed to react overnight at room temperature with a alight excess of PMB in dilute Tris NO a buffer at pH 7.6. after which the buffer and excess mercurial were removed by dialysis against distilled water. Crystalline urea (purified by recrystallization from warm alcoholic, solution 10 ) was added to a final concentration of 6M and after 30 minutes at room temperature, 2 volumes of distilled water were added to give a final urea concentration of 2M. A drop of phenol red indicator was added and the solution brought to approximately pH 7.6 with, dilute NaOH. Trypsin (Worthington 2 times crystallized) 2% by weight was then added, and the digestion allowed to proceed for 18 hours at room temperature; the solution was maintained at pH 7.6 by adding small amounts of dilute NaOH, and it could be estimated that 90% of the reaction was completed in the first 30 minutes. Digestion was stopped by placing the reaction mixture on columns of Dowex 50-X 2 (100 mesh) in the H+ forro. and the urea was removed by exhaustive washing with distilled water. The peptides were elated with 4M NH 4 0H, then lyophilized and wshipd. Peptide pntterns were prepared using •Abbreviations: ATP = adenosiuetriphogphato; PMB = p-mereurinenzonte; Tris = tris (hydroxymethyl) aminomethane. •Values were arbitrarily corrected to a recovery ot 97.3% in order to facilitate comparison with eardiac actin of dog I. tCorrected for losses during hydrolysis. 7 Corrected for incomplete hydrolysis.' §Per cent recovery on a weight basis, corrected for moisture; moisture determinations were carried out at Elek Micro Analytical Laboratories, Los Angeles, California.
3 rag of peptide in 75 /il of distilled water applied to Whatman 3MM filter paper; -descending fthromatography in butanol-acetic acid-water (4:1:5) was followed hy electrophoresis in pyridirie-acetic acid buffer at pH 3.7." The papers were stained with a 0.5% alcoholic solution of ninhydrin.
Sedimentation velocities of the cardiac and skeletal aetin preparations were measured using a Spinco Model E Ultracentrifuge equipped with an R. T. I. C. temperature control unit.
Results
Cardiac and skeletal aetin preparations from dogs ( fig. 1 ) and from rabbits ( fig. 2 ) moved the same distance in starch gel eleetrophoresis. As has been previously noted, 0 several more slowly moving bands were some-CircjtlaUon Research, Volitme XIII. November 1863
FIGURE 1
Starch gel electrophoresis of dog skeletal actin (above) and dog cardiac actin (below) in Veronul buffer pH ?A, ionic strength 0.012, 0.4 «TM ATP and OS mM ascorbic acid. Voltage was 7 v/cm of gel, the anode was on the right and the duration of electrophoresis was four hours. Both protein bands have moved the same distance from the origin.
I FIGURE 2
Starch gel electrophoresis of rabbit cardiac actin (above) and rabbit skeletal iwtin (below) in Veronal buffer pE 7.4 ionic strength 0.012, 0.4 TOJC ATP and 0.2 TOK ascorbic acid. Voltage was 7 v/cm of gel, the anode was on the right and the duration of electrophoresis was four and one-half hours.
times seen in aetin preparations from both tissues. These probably represent aggregation of the actin rather than an impurity. 5 ' °C omparison of amino acid compositions of dog heart and skeletal actin preparations failed to show major differences (table 1) . The variations in the results for each amtno acid were small with the exception of isoleucine in one case. This discrepancy may have resulted from experimental error, particularly as the values for isoleucine were corrected for incomplete hydrolysis.
Peptide patterns from tryptic digests failed to reveal significant differences, while the similarities were striking ( fig. 3 ). Thirty peptide spots oould be matched with, certainty and at least nine more appeared to be identical. While some differences were observed with respect to the fainter spots, particularly in the area of spot 9, these differences were not considered significant because the fainter spots were not consistently seen and varied in appearance between different chromatograms prepared from the same digest. It should also be pointed out that variations may result from iucompletc digestion Peptide maps of tryptic digests of dog cardiac actin (above) and dog skeletal actin (below). Descending chromatography was from left to right, electrophoresis from bottom to top with the cathode at the top of the paper. Peptide spots labelled 1 to 30 corresponded in position and color of staining for both proteins. Fainter spots, labelled A to I, were similar in position and color of staining for both proteins.
or chemical modification of the proteins. 11 Sedimentation coefficients and the concentration dependence of sedimentation velocities for the cardiac and skeletal actin preparations from dog I were identical ( fig. 4 ).
Discussion
This study of aetin preparations from cardiac and skeletal muscles was undertaken in an attempt to characterize any dissimilarities between these proteius. Emphasis has been placed on actin preparations from the dog because material from rabbit hearts was limited in quantity. Four methods of analysis were chosen in this study, and with all of these, the actin preparations from the two tissues showed a high degree of similarity.
Determinations of sedimentation coefficients and the concentration dependence of sedimentation velocity were carried out in order to determine whether actin preparations from both tissues of the dog had similar physicochemical properties, as was previously established for dog cardiac and rabbit skeletal actin preparations. 5 No difference in sedimentation behavior was found ( fig. 4) .
Amino acid analyses failed to reveal significant differences in the amino acid compositions of cardiac and skeletal actin preparations. However, this method is not sufficiently sensitive to exclude the possibility of replacement of one or two amino acid residues, or the inversion of residues in the peptide chain. Starch gel electrophoresis provided a more sensitive test for differences in the charged amino acids of these proteins, because replacement of one or two amino acids by others of a different charge would be expected to alter the electrophoretic mobility. Because the electrophoretic patterns in starch gel of the heart and skeletal actin preparations were identical (figs. 1 and 2), it seems unlikely that differences exist in the number of charged amino acids.
Comparison of peptide patterns after tryptic digestion was probably the most sensitive of the methods used for the detection of mi-
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nor differences io the amino acid composition of two proteins. Tn the ease of cardiac and skeletal actins, the apparent identity of the peptide patterns makes such differences unlikely, though they cannot be excluded. Quantitative amino acid analysis of each of the peptides would provide a more definite test of identity; however, without sequential analysis of the amino acids of each of the actin preparations, identity cannot be established with certainty. A task of this, magnitude, starting with a protein of 60,000 molecular weight, is beyond the scope of this work.
Comparison of the amino acid analyses of dog skeletal actin with those available for rabbit skeletal actin preparations 7 demonstrates considerable similarity between the two species. It is noteworthy that the value for eysteine obtained for these dog actin preparations was somewhat lower than that for rabbit skeletal actin. Because considerable difficulty in the accurate determination of the sulfhydryl content of actin has been encountered in the pa&t, ]° a detailed study of this amino acid will constitute a separate report.
The present data, which fail to demonstrate a difference between aetin preparations from cardiac and skeletal muscle, may be contrasted with the results of a similar comparison in the case of lactic dehydrogenase. In the latter case, differences were found in physicochemical properties, amino acid composition and in the characteristics of enzymatic action, which apparently relate to certain functional differences between the two types of muscle. 12 ' 1S Furthermore the myo-sLns of cardiac and skeletal muscle differ somewhat in enzymatic activity and possibly in some structural characteristics and thus could be responsible for some specific physiological characteristics of the two types of muscle.
Summary
The sedimentation behavior, patterns on starch gel electrophoresis, amino acid compositions, and peptide maps following tryptic digestion of dog heart and skeletal actin preparations have been compared. The results Circulation Btttarch., Volumt XIII, NovtmtMr 196! from all methods failed to demonstrate differences between the actin preparations, suggesting a very high degree of similarity, if not identity, between these contractile proteins from heart and skeletal muscle.
